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ABSTRACT 

The number of eggs per female of Pacific herring Clupea pallasi was estimated from a sample 
of 155 Kamishak Bay herring from Lower Cook Inlet. Average fecundity ranged from 11,830 
eggs per female at age 3 to 53,620 eggs per female at age 11. The gonosomatic index (GSI) 
ranged from 17.3% at age 3 to 25.0% at age 12. Eggs per female were regressed on length and 
body weight. The log weight-log fecundity regression provided the best coefficient of 
determination (r2 = 0.82, d.f. = 153). 

KEY WORDS: fecundity, herring, Lower Cook Inlet, Kamishak Bay 



INTRODUCTION 

Pacific herring Clupeapallasi migrate into and spawn in Karnishak Bay of the Kamishak District, 
Lower Cook Inlet management area (Figure 1) from mid-April to early May. These herring are 
managed as a discrete population and have sustained a spring sac roe fishery by purse seine gear 
since 1985. The fishery was closed from 1980-1984 after providing harvests since 1973 
(Schroeder 1989). The Alaska Department of Fish and Game (ADF&G) has maintained a 
resource monitoring program to collect data from the fishery and the contributing spawning 
population. Sampling of the herring catch for age, sex, weight and length data began in 1974. 
Assessment of the spawning biomass began in 1978 with a program of aerial surveys and test 
fishing for age composition. An intertidal survey of herring egg deposition was conducted in 
1991 (Yuen 1993). 

In 1990 and 1991 herring samples were collected to estimate the fecundity of this population. 
This information is needed to estimate spawning biomass from the number of eggs deposited 
by back-calculation based on sex composition and sizelage specific estimates of fecundity 
(Haegele et al. 1981; Schweigert et al. 1985; Yuen 1993). Fecundity estimates are also 
important in describing differences in biological productivity among herring stocks which 
determine allowable harvest and roe recovery potential. The seafood industry has provided an 
economic incentive to maximize roe recovery in Alaska's spring herring fisheries by adjusting 
the price per ton by a fixed value for every percentage point above or below 10% roe recovery 
(Brannian and Rowell 1991). While the size of herring increases with latitude to a maximum 
in the Togialc stock and decreases northward (Rowell 1986; Fried et al. 1982a, 1982b, 1983, 
1984, Lebida and Sandone 1988), size-specific fecundity is thought to be inversely related to 
latitude (Paulson and Smith 1977). Hay (1985) found that the gonosomatic index (GSI, the 
female gonad size expressed as a percentage of total body weight) increases with size of female. 
This conclusion supports the observation that an increase in fecundity with size and age exceeds 
growth (Hempel 1979). This trend is also apparent in Atlantic herring (C. harengus) stocks 
where the exponent (b) in the allometric relationship of fecundity with fish length (F=~L~)  ranged 

, from 3.4 to 6.8 (Schopka 1971). 

Although these studies suggest that roe recovery potentials are stock specific, environmental 
conditions and food supply can affect growth and change both absolute and relative fecundity 
(Nikolsky et al. 1973). Understanding a stock's reproductive parameters, such as fecundity, 
can be useful in establishing herring management policies. The objective of our project was to 
estimate the fecundity of the female herring spawning in Karnishak Bay by size and age. We 
hoped that collecting such information would add to our general understanding of herring 
productivity. 



METHODS 

Herring sampled for fecundity were obtained during annual age-weight-length-and sex (AWLS) 
commercial catch sampling in 1990 and 1991. Herring were randomly collected from each 
commercial fishery opening and from test fishing harvests to estimate roe recovery potential. 
Samples were packed in 15-kg boxes and flown to Homer for initial processing (Yuen et al. 
1991, 1994). Our sampling goal was 160 females: 20 from each of eight 10 mm length 
categories (c 200,201-210,211-220, ..., and > 260 mm). Herring that appeared to have lost eggs 
during transportation from the field to the laboratory or during the sampling process were not 
included in analyses. Each herring was measured to the nearest millimeter from the tip of snout 
to the end of the hyperal plate and weighed to the nearest gram. Sex was determined from an 
inspection of either the gonads or sex products. Ovaries from ripe females, those with translucent 
eggs, were removed, weighed, and frozen for later processing. Ovaries were placed in plastic 
bags which were labeled with location, date, and AWLS number. One scale was removed from 
each herring, cleaned, dipped in a 10% mucilage solution and positioned unsculptured side down 
on a labeled glass slide. Images of scales were viewed at a magnification of 29X with a 
microfiche reader, and the number of annuli per scale was counted to determine age. Data for 
each herring were recorded on preprinted forms along with a unique AWLS number. 

Processing of ovaries occurred in Cordova following procedures developed for Prince William 
Sound spawn deposition surveys (E. Brown, ADF&G, Cordova, personal communication). 
Ovaries were thawed and weighed to the nearest 0.01 g. Four 0.1 to 0.3 g (approximately 200 
eggs) subsamples were randomly taken from each roe sample, placed in labeled petri dishes, and 
weighed. Gilson's fluid was then poured into the petri dishes and the subsample allowed to soak 
for a minimum of 5 minutes to loosen the eggs from the connective membrane. Once eggs were 
loose, the Gilson's fluid was decanted and the number of eggs in each subsample were counted. 

For each herring, a mean and standard deviation of the number of eggs per gram was calculated 
from the four subsamples. The fecundity of each female was estimated by multiplying the mean 
number of eggs per gram in subsamples by the total weight of the ovaries. Standard deviation 
of the total egg count or fecundity was total sample weight multiplied by the standard deviation 
of the four subsamples. 

Gonad weight was defined as the weight of the ovaries removed from each female. The GSI was 
the percentage of total body weight represented by the gonads and was calculated by dividng 
gonad weight by body weight for each female sampled. 

The relationship between egg count and body size was estimated with linear, log-linear and log- 
log regressions of egg count on herring length and weight. The regression with the largest 
coefficient of determination (1) was selected as the best predictor of herring fecundity. In 
choosing the best model, we also considered the general fit of the line through the data and the 
pattern of residuals. 



RESULTS 

We were able to obtain data from 155 herring between 161 and 290 mm in length (Appendix A). 
Most individuals were concentrated between 201 and 270 mm. Sample sizes in the length 
categories between 201 and 270 mm ranged from 14 to 27 (Table 1). Ages for only 86 of the 
155 female herring sampled could be determined from scales. Mean fecundity for herring aged 
3 through 13 (unweighted) was 37,225 eggs per female ranging from 11,830 at age 3 to 53,620 
at age 11. Mean fecundity decreased to 52,827 eggs per female at age 12 and to 49,699 eggs 
per female at age 13 (Table 2). The overall mean GSI for female herring aged 3 through 13 was 
22.6%. The slope of the regression of GSI on weight was not significantly different from zero 
at a = 0.05 (p-value >0.1) (Figure 2). Mean weight of herring ranged from 82 g at age 3 to 340 

1 g at age 12. 

The log-log regression of eggs per female on weight explained about 82% of the variation (9) 
between fecundity and weight (Figure 3): 

where E = eggs per females, W = herring weight, and In = natural logarithm. Standard Error 
(SE) of the fecundity estimate was 0.214. 

Alternately, a log-linear regression of fecundity on length explained only about 75% of the 
observed variation in fecundity (Figure 4): 

where L = mean length. SE of this fecundity estimate was 0.254. 

DISCUSSION 

The geographically closest spawning population of herring, for which similar data were available, 
occurs in Prince William Sound (PWS). A study conducted by Baker et al. (1993) on PWS 
herring also found that fecundity, egg weight and gonad weight were linearly related to female 
body weight. Mean weight, fecundity, and GSI at age of Karnishak Bay herring during 1990- 
1991 were consistently greater than those of PWS herring during 1980-1993 (Table 3). In the 
Bering Sea, Togiak herring are heavier and more fecund at age than those from Kamishak Bay 
and PWS (Brannian and Rowell 1991; Table 3). In contrast, the maximum average GSI in 
Karnishak Bay was 25% at age 12 compared to 23% at age 9 for Togiak herring. 



Herring from three British Columbia stocks; Queen Charlotte Island, Strait of Georgia and West 
Coast of Vancouver Island, are also heavier and more fecund at age than herring from either 
Kamishak Bay or PWS (Hourston et al. 198 1). Togiak Bay herring, however, are heavier and 
more fecund at age than British Columbia herring. 

Herring fecundity-weight relationships for Alaska and British Columbia stocks appear to be 
inversely related to latitude (Figure 5). However, fecundity weight estimates between the local 
stocks of British Columbia do not exhibit this trend. This supports the general findings of 
Paulson and Smith (1977). The higher fecundities found in the more northern Togiak Bay may 
be more accurately attributed to the greater productivity of the Bering Sea than the Gulf of 
Alaska. 

Unlike Hay (1985) Kamishak Bay herring did not display a statistically significant increase in 
GSI with weight of female. We do note however, that the smallest values of GSI were observed 
for the youngest female herring. We also found the exponent in the allometric relationship of 
fecundity with fish length to be on the lower boundary (3.4) of the range found by Schopka 
(1971). 
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Table 1. Fecundit y sample size b! y length category, 

Length 
Category Frequency 

Total 155 



Table 2. Kamishak Bay herring mean weight, fecundity, and GSI at age. 

Mean Mean Mean 
Agea n Weight SD Fecundity SD GSI SD 

(8) % 
3 9 82 4.9 11,830 3,619 17.3 4.8 
4 13 123 16.2 18,968 3,978 19.3 2.2 
5 13 171 25.3 25,417 5,722 21.4 3.3 
6 4 192 39.7 29,090 10,722 22.2 3 .O 
7 6 230 42.0 37,801 9,807 24.6 3.9 
8 13 273 14.6 39,413 7,692 23.2 2.2 
9 4 280 23.2 43,759 14,971 24.1 5.4 

10 9 283 25.0 47,051 3,849 24.4 2.1 
11 7 310 32.6 53,620 16,515 24.8 3.9 
12 4 340 27.3 52,827 15,602 25.0 2.6 
13 4 324 72.9 49,699 16,611 22.7 3.8 

Agedc 86 218 86.2 33,988 16,126 22.1 4.0 
~ i t a l  155 206 78.9 31,319 14,329 22.7 4.2 
Mean 23 7 85.1 37,225 14,128 22.6 2.5 

"ges available for 86 of 155 herring sampled. 
b GSI = gonosomatic index; the female gonad size expressed 

as a percentage of total body weight. 

Average across ages giving equal weight to each age. 



Table 3. Mean weight, fecundity and gonosomatic index at age for herring stocks in Alaska. 

Mean Weight (g) Mean Fecundity Mean GSI (%) 

Age PWS' ~ o g i a k ~  Kamishak PWS ' Togiakc Kamishak PWS ' Togiakc Kamishak 
Bay Bay Bay 

3 70 82 9,030 11,830 16.0 17.3 

13 324 49,699 22.7 
' Funk (1994) 

Rowell and Brannian (1994) 
Brannian and Rowel1 (199 1) 



F i g u r e  1 . Kamishak Bay, Lower Cook I n l e t  Management Area 



Y =  0.172X 
p-value > 0.1 for Ho: B1 = 0 

I I I 1 

0 100 200 300 400 500 
Weight (g) 

Figure 2. Relationship of Kamishak Bay herring GSI and weight. 



Weight (g) 

Figure 3. Relationship of Kamishak Bay herring fecundity and 
weight. 







Appendix A .  Lower Cook Inlet herring fecundity data from Kamishak Bay. 

AWL Fish Skein Subsamples 
Weight 1 2 3 4 - - . - . . -  Mean Estimated 

Sample Card # Age Len Wt (Thawed) Wt Count Egg/g Wt Count Egg/g Wt Count Egg/g Wt Count Egg/g Egg/g SD CV Eggs/Female 

12 1 1 255 225 60.06 0 .14 93 664.3 0 .15  96 640.0 0.19 9 1  478.9 0.16 82 512.5 573.9 106 .1  18 .5% 34,470 



~ppendix A. (page 2 of 4 ) .  

AWL Fish Skein Subsamples 
Weight 1 2 3 4 - . - - . . -  Mean Estimated 

Sample Card # Age Len Wt (Thawed) Wt Count Egg/g Wt Count Egg/g Wt Count Egg/g Wt Count Egg/g ~ g g / g  SD CV ~ggs/Female 

20 1 19  204 118 29 .89  0 .19 117 615.8 0 .16  126 787.5 0.22 156  709.1 0 .21  162 771.4 721.0 89.9 12 .5% 21.549 



AWL Fish Skein Subsamples 
Weight 1 2 3 4- Mean Estimated 

Sample Card # Age Len Wt [Thawed) Wt Count Egg/g Wt Count Egg/g Wt Count Egg/g Wt Count Egg/g Egg/g SD CV Eggs/Female 



Appendix A. (page 4 of 4 ) .  

AWL Fish Skein Subsamples 
Weight 1 2 3 4- Mean Estimated 

Sample Card # Age Len Wt (Thawed) Wt Count Egg/g Wt Count Egg/g Wt Count Egg/g Wt Count Egg/g Egg/g SD CV Eggs/Female 

Samples 12 and 20 were collected from Chenik and Iniskin on 27 April and 9 May, 1990, while samples 2 and 3 were collected from 
Iniskin and Chenik on 23 and 26 April, 1991. 
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